ABSTRACT
Gandhisagar Dam is a part of an ambitious project taken up to provide irrigation facilities and to generate hydel power, jointly, for the states of Madhya Pradesh and Rajasthan. The Chambal Valley Project was completed in three stages. In the first stage, Gandhisagar Dam and Kota Barrage were completed in 1960 and in later stages, Rana Pratap Sagar Dam and Jawaharsagar Dam were commissioned in 1970 and 1973, respectively. River Chambal originates at Janapao in Indore District and traverses a distance of 1,056km before joining river Yamuna at Pachnada in Uttar Pradesh. The river meanders its way through Malwa and Hadoti plateau and passes through the great boundary fault between Vindhya and Aravalli Mountain ranges to finally emerge in the Gangetic Plains.
Gandhisagar Reservoir (GR) covers an area of 660km 2 making it one of the largest inland water bodies. Its catchment area is 23,025km 2 and it collects the major part of drainage discharge from Kshipra, Shivana, Retam, Chhoti Kali Sindh, Ansar, Rupania and Tilsoi rivers. The fresh water wetlands face multiple threats to their existence, which has caused a havoc on the fresh water resources of the country. Haphazard damming of rivers, deforestation in the catchment areas, civic and industrial waste disposal, release of untreated sewage, contamination with pesticide residue, eutrophication, soil erosion causing heavy siltation are some of the leading factors resulting in the death or annihilation of the fresh water resources.
The purpose of the study was to survey the macro diversity of the major inland wetlands of Madhya Pradesh and Chhattisgarh. The present paper is a result of the biodiversity survey of GR. . The reservoir at its full capacity is 399.9m and its average area is 402km 2 . The maximum length of the reservoir is 67.8km and its maximum breadth is 26.1km. The construction of the dam was started in 1954 and it was commissioned in 1960. Twohundred-and-twenty-eight villages were fully or partially submerged due to flooding. Full submergence is achieved, when the water level in the dam is spproximately 50m, but due to scanty rainfall in past three years, its capacity utilization has dropped by more than 40%. During the study period in December-January 2001-2002, the water level was 381.9m, which resulted in reduction in the area of submergence by approximately 250km 2 . Many large islands had reappeared in the reservoir and vast land on both the banks had been reallocated for cultivation by the state government. The technical details of the dam and the reservoir are provided in Table 5 .
MATERIALS AND METHODS
The expanse of Gandhisagar Reservoir was covered by scanning both the banks from various points and extensive boat rides were undertaken to survey. On the eastern bank, the avian and floral diversity was observed from dam site, Modimata, Bhanpura, Kanwala, Raipuria and Pipalda, whereas on the west bank, observations were taken between Gandhisagar and Rampura by walking along the bank. Observations were made with a 8 x 40 Minolta and 10 x 50 Zenith binoculars and Konus telescope. The macro flora was collected from the banks as well as from shallower parts and islands during the boat and ferry rides. Fishes were taken at fish collection sites and fish dispatch depot of Madhya Pradesh Matsya Mahasangh Ltd. Fishes collected were sent for laboratory investigations at Salim Ali Centre for Ornithology and Natural History, Coimbatore. The mammalian, avian and reptilian diversity was personally observed and secondary information from reliable sources was collected.
RESULTS AND DISCUSSION
The aquatic flora of Gandhisagar Reservoir shows predominance of riverine macrophytes. During the study period, eight plant species belonging to five genera were collected from the reservoir ( Table 4 ). The GR is a vast expanse of deep and open water, having massive jungle of Vallisneria spiralis growing from a depth of approximately 4m. Rest of the plants were found in shallower marginal waters in thick clumps, intermingled with each other. The female flowers of Vallisneria, on their extremely long pedicels were most abundant in the month of January. Fortunately, GR and its feeder streams on the upstream side are free of Eichhornia, which is quite common after Jawaharsagar Dam and has become a menace to the canal system at Kota and downstream of Kota Barrage.
A detailed study on the fisheries in GR conducted by Rao et al. (1998) accounts for 41 species of fish. Another study conducted before the construction of the dam by Dubey et al. (1959) , reported the occurrence of 54 species of fish from Chambal River in this region. Presently, it has become a Catla reservoir as it is the most abundant fish besides Rohu and Mrigal. Some of the other local major and local minor fishes are Labeo calbasu, L. gonius, L. bata, L. boggut, Ompok bimaculatus, Wallago attu and Cirrhinus reba. Among game fishes Mahseer is still found, though in smaller numbers and size (147 Mahseer caught in 2000-2001 together weighed just 386.5kg.). In the present survey, we could see and collect 21 species of fish, of which Chels laubaca has not been reported earlier by Rao et al. (1988) . The fall in the fish diversity could be attributed to the change in wetland type from riverine to reservoir and also due to the promotion of commercial fisheries in which market-friendly species are introduced and stocked.
The family Crocodylidae was represented by one species Crocodylus palustris or Mugger. The species is fairly widely distributed throughout the length of the reservoir and looks to be fairly safe. The Gavial was neither seen by us nor reported by the fisherfolk, who are well acquainted with the area. Common Indian Monitor (Varanus bengalensis) was seen on the banks. Five species of turtles and one land tortoise were found (Table  2) . Rao (1991) reported seven turtles from Chambal, out of which Kachuga dhongoka and Chitra indica were not found in GR but additionally, land tortoise Geochelone elegans was abundant on some of the islands. Reportedly, turtle egg and meat is consumed by Bengali fisherfolk working in the area. Kachuga kachuga, Aspideretus gangeticus and Lissemys punctata, protected under Schedule I of the Indian Wildlife (Protection) Act, 1972 occur in GR.
Smooth-coated Indian Otter Lutra perspicillata was a common sight throughout the length of the Chambal River. It has almost vanished downstream of Ranapratapsagar Dam and reappears only near Dholpur after a gap of almost 400km. The anecdotal accounts available at Kota suggest that until about 40 years back, it was a common sight in Chambal. We were particularly keen on reestablishing its prevent status. During this survey, we could record it from Gandhisagar and Ranapratapsagar reservoirs. Two otter families were sighted right below the guest house of the forest department at Gandhisagar. It was fairly common in all the suitable habitats, i.e., small fingers of shallow water in the rocky banks of the reservoir.
The avifauna of Chambal River and its environs was studied by Sharma et al. (1995) , Vyas (1998 ), and, Rao (1988 . These studies were primarily conducted in National Chambal Gharial Sanctuary between Kota and Morena. One-hundred-and-ninety-two bird species were reported by Vyas (1998) , which included wetland and terrestrial birds. Since this survey was conducted during summer, a number of migratory waterfowls and waders could be included in this list from the earlier checklists prepared by Sharma (1995) , and, Rao (1988) . The present biodiversity study of GR is the first attempt to record avain diversity of this area. We recorded 139 species (Table 1) of birds from the environs of GR. It will be evident from the list that a number of marshland and sand bank inhabitants like waders, plovers, curlews, godwits, snipes have been recorded in large numbers, signifying the fact that by January each year vast land comes out of submergence and offers ideal feeding conditions to these birds. The presence of some of the exclusive piscivores like cormorants, darters, and terns were conspicuous due to their good numbers. Most of the geese and ducks common to central India were present, but prominent among them were Bar-headed Goose, Greylag Goose, Wigeon, Spotbilled Duck and Gadwal. The absence of Comb Duck and Cotton Teal is also noteworthy. The sighting of Sarus Crane and Common Crane is important in view of their present status. Sarus Crane is a threatened species in most of its earlier known home range.
We found that once the river enters the valley about 6km upstream of the dam and 1km on its downstream side, the numbers and sightings of vultures and other raptors increased significantly. Five species of vultures were sighted, including the Critically Endangered White-backed Vulture and Long-billed Vulture. Fortunately, both the vultures were breeding in the close vicinity of the reservoir. Imperial Eagle, Crested Serpenteagle, Osprey, Montagu's and Marsh Harrier, Kestrel and Whiteeyed Buzzard were some of the noteworthy raptors recorded from the study area. The immediate environs of the reservoir show a variety of ecosystems, which is reflected in their avian diversity. The forest on the west bank of GR is home to parakeets, owls, drongos, malkohas, treepie, Asian Paradise Flycatcher, White-browed Fantail-flycatcher and babblers. The drying margins of the reservoir support various wagtails and pipits. Larks, wheatear, chats, quails, partridge, sparrows and munias It is evident that the GR supports a number of threatened mammal, bird, reptile and fish species and any alteration or degradation of this habitat due to natural or man-made causes may adversely affect its biodiversity. It is also obvious that man would not remain unaffected by these changes as his very survival depends upon the web of life supported by GR and its life sustaining water.
Socio-economic impact of fisheries Gandhisagar Reservoir, besides irrigating 1.70lakh hectare of farmland and producing 115MW of electricity, is a mega producer of freshwater fishes in the country. A fisher's housing colony of 100 houses with water and electricity has been constructed at Rampura under National Fisherman Welfare Plan, but such initiatives are few and benefit fewer people. Health, sanitation, child education, women's welfare and training are some of aspects of life, which are in need of immediate attention of the management of M.P.M.M.S. Efforts should be made to provide alternative employment to fisherfolk during their lay-off periods, so as to augment their earning potential and keep them off antisocial activities.
Threats and potential
The wetland loss could be due to direct human action, indirect human activity or natural causes. Experts believed that Gandhisagar Dam would survive for 100 years but probably, the rate of environmental degradation and its possible impact was not taken into account. A dam management policy statement was also not made, which would have provided guidelines for various activities in the watershed areas of the reservoir. As a result, the reservoir has gotten filled, anywhere close to its capacity (over 396m), only during nine monsoon seasons in 23 years . The threats and existing potential of GR is enumerated below.
Threats
Direct and indirect human action: a. Discharge of pesticides, herbicides -eutrophication, biotic loss; b. discharge of domestic sewage -eutrophication, change in pH; c. agricultural run-off and sediment; d. alteration of upper watershed -construction of dams, anicuts on feeder streams; e. cultivation on thousands of hectares of dry reservoir bed in drought years; f. deforestation; g. introduced species -extinction of native biota.
The aesthetic, religious and historical importance of the river and reservoir for local people and its tourism potential have remained untapped. Natural causes: a) drought, b) soil erosion Potential: a) historical, archaeological and religious -tourism; b) biodiversity -forest resources, wildlife resources, fisheries, forage resources; c) recreation -boating, bird watching, nature walk, adventure sports. 
